In the present study, high surface area amorphous magnesia was synthesized using walnut shell as a template. This green, simple and useful synthetic protocol was based on the precipitation of magnesium nitrate on biomass in an aqueous phase, followed by calcination. Materials were characterized using X-ray diffraction, scanning electron microscopy (SEM) and N 2 adsorption/ desorption porosimetry, and the results exhibited high surface area for magnesium oxide. Furthermore, the pore size and surface area of these mesoporous materials can be adjusted by varying the biomass/magnesium nitrate ratio. In addition, magnesium oxide was studied as the support of palladium nanoparticles for the aerobic oxidation of alcohols. We have found out that the resulting Pd-loaded material acts as an effective catalytic system for the aerobic oxidation of benzylic and aliphatic alcohols. The catalyst can be recovered and reused three times without loss of activity. Also, to test the catalytic activity of magnesium oxides as a solid catalyst, we selected Meerwein-Ponndorf-Verley reduction of cyclohexanone with 2-propanol over different magnesium oxides.
Introduction
Material chemists are interested in magnesium oxide or magnesia (MgO) because of its outstanding properties, such as lowest solubility among the alkaline earth oxides, easy obtainability and cheapness, as well as its textural properties, such as high surface area. Nowadays, magnesia nanomaterials are widely employed in various areas, such as paint, adsorption, superconductivity, catalysis and toxic waste elimination [1] [2] [3] .
Several preparative procedures for the synthesis of high surface area magnesia have been reported. While one of the simplest methods to prepare nanoporous MgO with relatively low surface area (97-161 m ) is through hydrothermal treatment of commercial bulk MgO crystals in water [4] or magnesium salts in mixed solvents of ethylenediamine and water [5] followed by calcination, some chemists have synthesized magnesium oxide with higher surface area (72-361.5 m 2 g −1 ) using co-precipitation method by magnesium nitrate and ammonia or urea [6] [7] [8] . Another strategy focuses on the synthesis of magnesium bicarbonate Mg(HCO 3 ) 2 by bubbling CO 2 into aqueous suspension of commercial magnesium oxide. By calcination of magnesium carbonate prepared from Mg(HCO 3 ) 2 , porous MgO was synthesized [9, 10] . Magnesium oxide nanoparticles can be synthesized by hydrolysis of magnesium alkoxide Mg(OCH 3 ) 2 in a toluene-CH 3 OH solvent [11, 12] . Calcination of the synthesized gel resulted in the formation of magnesia with surface area of 201-503 m . Evaporation and oxidation of Mg pieces at 913 K and in high vacuum in quartz glass tube resulted in MgO nanocubes with particle size distribution in the range of 10-1000 nm and surface area up to 300 m 2 g −1 [13] . In separate studies, Li et al. and Purwajanti et al. described mesoporous magnesia preparation using hardtemplating method by mesoporous carbon prepared by pyrolization of resorcinol/formaldehyde polymer as a template [14, 15] . Nanoporous MgO was also obtained by the mesoporous carbon hard-templating method, and the corresponding surface area can reach up to 175 m Three-dimensionally ordered macroporous magnesium oxide has been prepared by using triblock copolymer EO 106 PO 70 EO 106 (Pluronic F127) as a surfactant and monodispersive polymethyl methacrylate (PMMA) microspheres as a hard template, which was removed by hightemperature calcination [16] . The magnesia samples prepared with this method possessed high surface areas (125-243 m ). Nanoporous magnesium oxide with maximum BET surface area of 66.25 m 2 g −1 was prepared by simple hydrothermal method using urea as precipitating agent in the presence of polyethylene glycol (PEG400) as template [17] . Yang by solvothermal route using ammonium hydroxide as precipitating agent and ethylene glycol as solvent in the presence of povidone with an average molecular weight of 40,000 [18] .
Although various methods for the synthesis of high surface area magnesia with controllable textural properties have been reported, these methods usually use non-aqueous solvent (e.g. ethylene glycol), precipitating agents (e.g. ammonia and urea) and synthetic template (e.g. polymers and mesoporous carbon). These conditions encounter environmental and economical challenges in large-scale application. For these reasons, synthesis of mesoporous MgO in aqueous phase without any unsafe chemicals has attracted intensive attention. From a green chemistry point of view, agricultural waste biomass can also be recognized as valuable resource in the chemical synthesis and production of fuels [19] . Attention in biomass transformation to fuel and other chemical compounds has dramatically increased in the last decade within academic and industrial fields, with the support of NGOs and governments, because of their bio-based and renewable chemicals, which have many benefits, such as reduction of greenhouse gases and reduction of chemical contamination [20] [21] [22] .
Herein, magnesia was prepared by impregnation and hydrothermal process in the presence of walnut shell as a template and magnesium nitrate as a magnesium source, and its catalytic activity in the aerobic oxidation of alcohols and Meerwein-Ponndorf-Verley (MPV) reduction was also studied.
Materials and methods

Materials
Magnesium nitrate hexahydrate (Mg(NO₃)₂ · 6H₂O), palladium(II) chloride, toluene and other chemicals were purchased from Merck (Merck KGaA, Darmstadt, Germany) and used without further purification. The walnut shell from a local walnut tree in Urmia, Iran, was crushed using with a high-speed rotary cutting mill and screened to collect the particles with a size smaller than 0.45 mm. All chemicals were used without further purification.
Magnesia preparation
Magnesia was prepared by magnesium nitrate hexahydrate in the presence of 10-g walnut shell powder using various different magnesium/biomass ratios: 4:96, 8:92 and 12:88 in 100 ml of deionized water (Millipore, Milli-Q grade) at room temperature. After 5-h stirring, water from resulting mixture was evaporated by rotary evaporator under low pressure to give a brown solid. This solid was subsequently calcined in an electrical furnace in air (4:96, MgO-1; 8:92, MgO-2; and 12:88, MgO-3) at 500°C for 4 h (at a heating rate of 10°C/min). Resulting solids (materials A) were stirred in 50 ml of deionized water for 5 h under refluxing conditions followed by drying and calcination at 500°C for 4 h to give white powder ( materials B: re-MgO-1, re-MgO-2 and re-MgO-3). For comparison, reference samples MgO-0 and re-MgO-0 were produced by the same way but without the use of biomass.
Catalyst preparation
MgO-supported palladium nanoparticle (PdNP) catalyst was synthesized by impregnation method. Na 2 PdCl 4 was prepared from PdCl 2 (0.04 g) and NaCl (0.027 g) in water (50 ml). Two grams of reMgO-2 was mixed with the abovementioned Na 2 PdCl 4 solution at room temperature for 12 h. Water from the resulting mixture was evaporated by rotary evaporator under low pressure. The resulting solid was subsequently calcined at 250°C in air for 2 h. Finally, this solid was refluxed in ethanol for 1 h, followed by filtration and drying in 80°C (PdNP@re-MgO-2). The loading of palladium was determined using atomic absorption spectroscopy and showed loading at 0.1 mmolg 
Characterization
The textural parameters were analyzed by N 2 adsorption experiments using Bel Japan Belsorp-mini II, analyzer at 77 K. Before measurement, the materials were degassed at 473 K for 5 h. The total surface areas were calculated with the multipoint Brunauer-Emmett-Teller (BET) method. X-ray diffraction patterns (XRD) of the obtained materials were recorded at room temperature on Shimadzu XRD-6000 diffractometer (Kyoto, Japan) with Cu-Kα radiation. The morphology of materials was observed by TSCAN VEGA II XMU SEM Instrument (Czech Republic).
Oxidation reaction
Typically, the aerobic oxidation of alcohols was carried out in 25-ml flask equipped with a reflux condenser in undried toluene as solvent. A mixture of the alcohol (1 mmol) and PdNP@re-MgO-2 in undried toluene (5 ml) was prepared in a two-necked flask. This mixture was stirred at 80°C under the atmospheric pressure of O 2 or air (balloon filled). The oxidation reaction progression was checked by silica gel TLC. At the end of the reaction, the catalyst was filtered, and gas chromatograph (Shimadzu, GC-2010) showed product yields.
MPV reduction
Typically, to a solution of cyclohexanone (3 mmol), in 5 ml of 2-propanol was added 0.5 g of magnesium oxide. The reaction mixture was heated to reflux temperature under magnetic stirring. Product yield was analyzed by gas chromatography (Shimadzu, GC-2010).
Results and discussion
In a typical experiment, walnut shell powder was dispersed into magnesium nitrate solution in deionized water. After stirring followed by evaporation of water, the solid obtained was transferred to a furnace and heated at 500°C for 5 h. XRD pattern of the prepared products (Figure 1) showed that magnesium nitrate precursor transforms MgO (JCPDS 75-0447) crystalline phase. N 2 adsorption/desorption isotherms for magnesium oxide samples (materials A) studied are shown in Figure 2 . Textural parameters of these materials are also indicated in Table 1 , entries 1-4.
As seen in Figure 2 , according to the IUPAC classification [23] Figures 4 and 5 show the XRD pattern and N 2 sorption isotherms, respectively, for synthesized materials B by hydrothermal treatment of materials A under reflux conditions, followed by calcination in air. Surprisingly, the specific surface area of re-MgO-1 and re-MgO-2 samples (Table 1 , entries 6 and 7). Also similar behavior is found in re-MgO-0 and re-MgO-3. As seen in Figure 5 , re-MgO-1 and re-MgO-2 exhibited type IV isotherm and the hysteresis loop can be classified as an intermediate between H1 and H3 types. However, N 2 adsorption/desorption isotherm measured for re-MgO-0 and re-MgO-3 is distinctive, being a type II isotherm, which is generally observed for macroporous materials ( Figure 5) . Figure 6A -D shows the BJH pore-size distribution of materials B. Most pore diameters in MgO-1 and MgO-2 samples are between 3 and 18 nm ( Figure 6B and C). From Figure 6A and D, it can be detected that the MgO-0 and MgO-3 samples exhibited relatively broader pore-size distribution. SEM images of MgO-2 and re-MgO-2 reveal the nonrigid aggregates of plate-like particles forming slit-shaped pores (Figure 7) .
A mechanism for the synthesis of the high porous magnesia can be suggested by which magnesium cations were dispersed on lignocellulosic biomass via coordination with their hydroxyl groups. Therefore, lignocellulosic component acts as a template for the magnesia precursors. After dispersion of the Mg(II) on the template and increasing the temperature, the template was removed by transformation of CO, CO 2 and H 2 O. Simultaneously with gas release from the template, magnesia is formed due to temperature increase. Magnesia should be highly porous due to two reasons, including (1) use of the template and (2) release of gases, which increases porosity. Magnesia with the highest surface area, re-MgO-2, prepared by the walnut shell-templating technique was tested as catalyst support in the palladium nanoparticle (PdNP@re-MgO-2) aerobic oxidation of benzylic and aliphatic alcohols. TEM image of PdNP@re-MgO-2 in Figure 8 demonstrates that most sizes of Pd nanoparticles are between 8 and 17 nm. Table 2 demonstrates the catalytic oxidation reaction results of PdNP@re-MgO-2. Thus, benzyl alcohol was oxidized in the presence of PdNP@re-MgO-2 (0.25 mol%) in toluene at 80°C for 2 h (Table 2, entry 1) without the use of exogenous base or hydrogen acceptor additives and without additional purification and drying of solvent. Also, air has been used instead of molecular oxygen without any significant reduction in activity. After filtration of the reaction mixture, the catalyst was washed twice with CH 2 Cl 2 and recycled. PdNP@re-MgO-2 also efficiently catalyzes the aerobic oxidation of 1-phenyl ethanol, 1-octanol and 2-octanol ( Table 2 , entries 5-7). This solid catalyst has been recovered and reused up to three times without significant loss of its activity (Table 2 , entries 2-4).
In order to illustrate the merit of our system for the aerobic oxidation of alcohols, we have shown the benefits of present technique by comparing our outcomes with those previously stated in the literature for the magnesiasupported palladium nanoparticle catalyzed aerobic oxidation of 1-octanol. Based on previous reports (Table 3) , this is one of the efficient catalytic systems in the aerobic oxidation of alcohols at the least time possible and without the presence of any added base in good yields (Table 3 , entry 3). The yield of aerobic oxidation of 1-octanol catalyzed by PdNPs supported on MgO from calcination of magnesium nitrate is very low in an expansive solvent after 20 h (Table 3 , entry 1). On the other hand, PdNPs supported on nanocrystalline magnesia afforded moderate yield at this time in the presence of an exogenous base. To test the catalytic activity of magnesium oxides as a solid catalyst, we selected MPV reduction of cyclohexanone with 2-propanol over different magnesium oxides. This catalyst was found to be effective for this MPV reaction, and recovering and reusing the catalyst happened to be easy. We have investigated the effect of surface area of MgO in this reaction (Scheme 1). It is of interest that different surface areas of MgO exhibit different catalytic activities. re-MgO-1 and re-MgO-2 with the highest surface area NPs showed maximum activity.
Conclusion
In summary, a green, simple and useful synthetic protocol to produce high surface area mesoporous amorphous magnesia using walnut shell as a template in aqueous phase was presented above. Most importantly, the textural properties of materials were simply characterized in our studies using N 2 adsorption/desorption porosimetry. SEM analysis shows the mesoporosity nature of the materials. On the other hand, in the aerobic oxidation of alcohols, the walnut-shell-templated mesoporous magnesia as catalyst support presented considerable activity, which suggests great potential uses in oxidative catalytic processes. The resulting Pd-loaded material acts as an effective catalytic system for the oxidation of a wide variety of alcohols in toluene. The catalyst can be recovered and reused without loss of activity. 
